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'■J. INTRODUCTION. 

»«n*TOu* irorka aneouriterad In aolantiflo lltnrature oT rooant 
ymrm ahon that soa# authors ar« vary much ijitaraatad in tha 
problan of oimluatloa of opraadlng rata of radloactla* 
oontaadnatloa In oaao and ooaana.lt la knoan that thla quaatloi 
raquiraa profound knoaladga of Intonaltj of prooaaaaa of tha 
watar naan nixinc.Invaraa problaaa ara also knoan^that ia 
applioatloo of data of radlolsotopa distribution with dapth 
for datamlaatlon of Intanalty of mlxins.ln thaa oonoluslon 
Intanalty of prooaaa of airing mada la baaad on tJha 

0^ lha Tortloal distribution of radlolaotopaa dapoaltad 
on tha aurfaea layar of tha ooaan after nuclear waapon taata 
( aa a raault of fall*- out* In general* of stratoaphario 
eharaotar ).3ona Inweatlgatora use for this purpoaa data ot 
dlatrlbtttlon of the natural radloaotlva aleaente of ooaaogo- 
nloal origlja*aaoh aa T(C»l4*Be-7. 

In tha first oaaa the tarn •» age " was Introduoad to awaluata 
Intenalty prooaaa of apraadlag of radloaotlve oontaalnatlon* 
thla torn aao broadly used by rarloua Inraatl^gatora 
for aolwlng ooiia praotloal probleBa^Thoaa Ineoatlgatora f»bA 
atudlad radlooirboa distribution In ocean aatere datendnad 
tha aga of the Atlaatlo Ooaan to be about ^ yaara.Por the 
^aoifio Ooean thla ealue la 1500 yeara.Takli^ late aoeount 
•aoh groat waluae of tha age raaldente tlaa of tha fbXl-owt 
radioaotiwe prodaots In the upper nlzad layar aat datexaleed 
M 3O>100 yeara. 

Bowan and duglbara / I / ara ballaeed to be tha first to ra» 
oolve oxperlnental data* thloh diaproaad aueh ■M»*ning» 
intenalty jf deep eater oontaalnatlon la the oooan « 
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In dlsooverod ponvtrMtloHai of radlonuolldM to 

tho depth of 1000 n. nie nge of these redionuolldoe oould 
not be greeter than three years* because the Intonalre 
fall-out of redloaotlre Isotopes beg^an after 1954. further 
obearratlonr carried out by Miyake and otbem /2/ 
oonflmied the oonalderahle penetration of radioactire 
Ca and Sr to auoh greater depths in the ocean. Ifpis the re- 
sults of analysis of radioaotlve iaotope distribution in the 
ocean show that Talues obtained by radiocarbon teohnigne are 
wrong. In fact* the term "age'* (though eueoeefhl in geology) 
oould not be meohanloally transferdkl to ocean waters and 
ito usage supposing that the ooaan waters did not mix 
end wore stable - wan wrong. 

Rocoo and Broeoker noting taany oontTadietions which oould 
ba anoountored in toodera bnewiedgem of procoeoae of the 
Tertioal radloaotirity transfer triad to make a omtikrol 
experiment. But they reoelred little natorlal end it 
differed fron the well oorroborated knowledges of concent** 
rations of radioaotlro Hr and Cs at intsvnediste and 
great depths in the ocean. As sjg. It in neoe^&&rj to make 
seme additional eoeperiments and to anal^a the obtained 
data with great eare«. 

Ob the other hand It esists now the intensity of vertical 
mixing using data of radiolaotopo distribution which is 
in B»ay essem based to Fikkign esguetisis oz diffusioa. 

9(MBa works are kno w n now in ahioh the authors an st- 

tsBpt to calculate by indirset aethod values of turbulent 
diffttaivlty in the ocean evalnatiog Intensity of the ver- 
tieml transfer some ainpllfylng muppoaitlons were made. 

IB partleulaTt tuzbolwit diffhsiwity ms ocBsidered 
to be eonataat at warlooe depths and aeaeonss and the 
wartieal eeaponent of onrreat velocity in the ocean was not 
taken into aooount. ( Miyake and others' 2 and s«reda-4)^ 


t ipia a la n sl jy '^aaaaessk mas wear w 




hat they ahowed muoh hl^r intensity of proeesa of mixing 

^ ___ ^ w w ^ X — A Sr 

Ija MtV OVVWDa vSttSl » AOAA VWWU MW tsag » va ia -w a, Maa are 

ago by radiooarbea. 
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71 i» qc>antlt«li.v« <liiiOT>lptio«i of procrst of Ofinnaading of 
r« 4 io«oUir* oontMlMtlon vitb ototioiMurjr flow on tb» 

•tufftoo Imjor of tbo oooaaC alxloh •bom oontoata of r«dlo« 
•otltro fnll«Otot ) It slven la this pnpor •for tho antljll* 
oal aolatioa iho aathorv had to achttMllaa tho problta 
ahooins oeoaa ao a ttir«a«layorod aodal with Torlotto Itwo 
of turbulont diffaaivltj dlatrltMallon a»d wortioal ooapov 
nanta of oorront walooitloe la 00017 la/or *7111 now qulto 
aufflolont toboao of apx'oadliift cf rodioactiTO eontaalnatlon 
Ir tto oottn ir»« not ra3oivod» that lo mhj the following; wot 
wan norforaod by vt r 

1..^rlng tho r/T " tuahaiX laaonoaoo ** emlaoo dl<itrll«ti0Q 
of apllator prcdoeta, dapoaltad oq tho oeoaa aurf^xco firofo 
tJhe atMoepttoro haa heaa ntodiad* 

2.?he wortloal turbalaat diftaaloltjr oalaoa and wortlool 
corapooamto of tho avoraee eurreat Ttlooitloo voro oalctt «• 
lated by toehaiqwa gt^^oa la the hy ^•'j.roloaalkof* 

Theao caleulotlona wtra basod 00 motnuyowont data of 
tbroa fitldo- irolocltf of owrront* ttapotwtur* aod aallal* 
ty, alao obtainod aurln^ oxpe^ltlocs obosrd the r/o 

QOQOAOW "• 

3* Iho problM of finding oproodias i^te of rsdlonotioo 
ooatoninatiQo in taa ooaaa aaa noiwtd with tha help of 
•laetroale eoapatarr •Thin aolntioa wta bRsoc^ on tho ob» 
taiaod tnrbaloat diffaoivlty data and oarrent ooloolty 
Cota not oonoidoring any ainplifying cupposltiona* 

/•raetat popop lo deootod to baoie rtoalto of this wort • 


f 2.T.'!E r/w " "IKHAIL ^ 

::ata . 

Turing reccat yeero constant detepaioationa of rndienuoll— 
•J> oontento in the oeoan porfosttod oboai*d tti« w»- 
fiearah vosael of the ; srino nydrophytioal Xi’ietltuto of lifto 
Aosdsasy of oiencee of the Uk' -". ;nvoutiijrtions ntvo 
oorrled oat both for sarfaee wafeopaa nd deep sats?«* The 

dbtalned oespleo wox*g proeooood according to atasdard 

76 6 - 4 - 
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... .1 ctirbonatM pi-oolpl tafcloa wKJj s.’Uv,' - 

thor do toi-rai nation of T-adloactiTc concentration by 
uawghiJar ittrlum— 90.Ca.rboi)at® precipitation of sr-DO from 
10U«13() iltr® osu'aploe waw macio ujrectly during expo — 
dition «nd r®coived conoeotratedi product wna I’urthor pro >» 
consod under stationary condltlona , 

kauio-choniical pt'oocaslnjnf of concontratod material wuo in 
a largo meaouro porfo-tDod by scientific group under the 
loadorahlp of profes® ‘r V.P. PhvedO"? and candidate of 
I’hyalcal and yathomatlnal ‘■:cionc« I.«J» Godoonov to 
wnom authora are grateful ,;it wao oox^flldored th>it con«- 
tenta of stMblO iaotop® of Sr with ffisllnlty 3';’ '■ % ^re 
13 fflg/ wg .It l8 natural that f.t varied dopondijs;' o» tmli- 
nlty and conditional dannit;' . Afi denoted contontw of 
stable Isotopo ore not auffioient e pt"rt.lon of nain«- radio 
sctlT# $r»» so salt Sz*Cl2 *" added v th# acnplc 3 or the 
reliable jjroclpltatlon with cari’ler. 730 g of aairr''ate 
ttiraaoniutt and 1200 g of a*Jhydrow« eodlKa carbomt'S w?48 
added to the» solution as a poinssr in order to prcvont 
ffiagueaium paeocipltation.Sr output wrb c ontrol I -d by flaKso- 
photometric method .Then Sr precipitsttfsd sue strontiuin 
nitrate. Sediment of etrontlun nitrate was centrifuged* and 
radioactive Sr contents wore detoralned by d&iyjbter 
Yttrlus.Tha vast ar5>.as of the Atiantie* Ocean ( 40-50 H 
♦o 10 S ) ware atudlad • Conaiderabl® penetration of r* <» 
dioactiw Sr ©as b# trso^ at SBrlSMS depths . vfhtrc d®= 
f ffia of ttiiv radioactive isotope wore ^ade . 

It la chax«wtarlstio of all measuroeente aade „ Radio - 
active Sr oonoentratlona OMlllated in dlffertnt areas frca 
1(905 ( region of rise of deep water near Dakar ) to 
O9I3 ploo««urle .That le in good agreesMiit with data pub- 
llahed prerlanely* Losre-wlag of activity *0 0»02 
O9O5 pieoHnurie oan be noted in tberaocliseC 3 ^ 2 }. 

tOOO ■ lowar to themoollne no abatenent of apfeolflc aoti- 
vl.ty is setiaed « 

§ 5 .Calottlation of praetratlon of radieaeiiwe 
eontaaination to depth* 

The problem of vortical p^otratita of m'lwriel 

166 - 5 *• 
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C ooncwntrfftion In tuo ocean can ba ♦.Tivan In the 
foliowln^ equatloni 


witli !;otin(iai‘y condi 


c = C„ (x) with 2 


l£ z 0 


With .>H 


/ 2 / 


/ 3 / 


..b«ra 'C l8 tima, Ip rertlonl co-orOlr.flte ( axln »r; - 
dlreotad vertically downi it orliprlnatea from the oceen 
aarfaea , « ( r.t:)- 1 h vertical oottponent or the average 
velocity of current ,1) ( z.x )- la tu-hnlrnt dlffhalvlty , 
^1/2 oelf-llfe of racloeotive raaterinl, K - ocean depth, 


T'y_^ 


Punotlon ( r ), In,; -yl 


01 J". 


a-^loaotlve Isotope 


ooncontr.tion on r ’,T,ut ualng data obtained 

aboard the r/v ’• • ’ emopoa w •• by measuring the mml 

oontonta o.f oononDtrs; ' i.ona rs^iloactlvo material in the 
•urface layer „ 

W end i.. valuea wer^j? comp^itod uolng tha actual data of 
meaourenjcnts of ouri’Qnt vcloalty , tec-peraturo sad aall ~ 
nity out or be^rd Ue r/r •' Loaoaoaov end 

also » s data atl?.-o ( 7 ) by taehislque fe-lven in 

the paper ( 6 ) The •» and p ralue® analysed 

and genarallsed by «o an-? profile® of change of 

these valuev ?«re drawn rscuordenoo with depth xad 
seaaona ( raa flg.i ), :enso«al nuj of and i, variatian 
witn^cop-h in the ncluiree aoeapted by ua , correaponda to 
the j.aii«3W3Bg - ^uBa of t&sreeolla© depth aseording to 
laonths of -th® yearj 
XllelsIX / Tliater /~?00 a. 

*9 9 9 ' •». fi ^ .... . M 

ffsi^-sv-ir / * 'TTres gea> r a.r*> mm. 

W «rrT rr-rTT i .. 

7 r T JL3.A / Klta gfigg r /«» 

SIt£«IX / Autttaoi / -150 
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rciTlng detertnlne^S andl aapact » tb* aolatlon of 
problflPifl /t/ — /5 / wtiH mad© by •l«otronie oaoputor 
' by numerloal motbod )• 

Conputetioa lnT?>lT*<l porlod of tlsw frtw 195* to 196*. 

An exanplo of ^uch calculrtlon of nprandlng of sr-90 
conoontratlonSn^ ycnra / le given In flg.2,: curve 1 ). 
Thia distribution of .?r -90 oonoentration with depth le 
refered to 4-th quarter of 196?.rvitn of np-90 eon - 
oertratlon obtained daring the r^v " tflkhail Losaonooov " 
exrelitlcn can be aXao refered to thle period, They are 
given In flg^i^Tbeoretloal and oetual d valuee for nr -90 
are In good agreeaent to dopth of 1000 a, 

AH aeeentlul effeot of neaeonal vorlction of themoeiline 
depth OB penetration of t^'loactlve material froa enrface 
to deep voter laycra was revealed, It la known that aiol- 
sjsam are found in Icarer border of thersoellBO « 

I 5 ut wader it aKoendiog aotiona of water are 

c'/Kdar !m<th conditions blocking layer arioes* Fo- 
n>?'Sr'Btion of oonoentreticra lower to this layer to 
■Pil'.fica :. Sif :ac(a 0 O:;oif«t if tbsraoolisi© i« lowering « oon- 
p,-s:r:;-':sP,;: G”’ Ifi ios'arfcsg togsther ®ltfe itg, and 

i* nsarly tt-alfOi-slF ovar it ,kf%®r tl't# ri®® 

f !&• // V; ■ ■ i ,i. .s. iVoj of iBSt®!*!®! { 

is'ter'trs';! i/jgGSbpr with 11 ) is Tsund i»w*ip to it uador 
CQT;.IUiO':£-' i-f Of terwtilftKt diffSgtVity 

si-iared r-f tho icifttorii'jl penotrstoffl ^artbST %2 de^p- 

'c'ytz^x-v of 

Hit;' £ ‘sav;Tt, coriOenSi'-atioa off radless-^tiro aat-sriai 

;3/;':/.3;scU; f-.'Ot':; ,£.i4.x-,f&;i6' l(ay«»r dwptii .Rwoh efffaas ©f 

u'iO' IviC iu.ition® is ©f g^?®* ifflPortaKS© irt O-roSiiaq}:. 

;:■■? 3-,.: u-..Gp;;:;v-fc;.5ra b-vjitsacvr. -^us'-face layer ®Bd d^s=#p 

df'i?': 2 .'/'I" 2 T r. -0 vif V 

^■vk*!. V- .4 V4'i {^i': ■- -r-r> : -v' J k'iC' '^4 04« X A 1* 1" 


i--. rt.*a A uto. .•-, .3 --.Ti!, ■>, a-» 

^ >r^*5r wtw J ^ V ». 'i ra 




±.-r:T s. fcir.n " stltsvr crrc^'crassj rsrsi ff 
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'eault of thlo calculation la ohown aa curw® 2 In 
fig. 2, Aa It la guven in fig.? opeclflc activity valuao 
with variation of theirnoollno on tho eurfae® aro twic© 
lass than at fired profiloa D and w* 

§ 4, Conoluaion. 

Good agreement between actual and calculated oonoentra- 
tiono ahowe the correctnoea of choloe of Initial auppoei- 
tiono. Thia oiroumatance allows ua to detail a number of 
peculiarities of procese of vertieal opreading of radio — 
active asaterlal in the ocean, in partloalat, analyale of 
the given eolutlon indicates that depth of penetration of 
radioactive Isotipes inoreasest with tho growth of half > 
life of radloaetlvo isotope, jhon we auocoded in rixr ; 
mechaniam of spreading of isotope conoentratlon In sur • 
face layer caused by seasonal variations of thernooline 
depth, which creates the blocking layer. As it turned 
out the vertical transference of thermoollne depth effects 
like a sluice letting radioeotive material firm surface 
layer In to deoF-water layers . All this leads to much hl^er 
intensity of exchange than at permanent depth of 
thexTOOcllne. As a result th® performed calculation 
fttifillod fose ten year period Indleates that during 
this period radioaotlvs aaterial frost surface layer reached 
tho bottom to depth of 5000 m, amd eonscKfuently, it H ey 
much higher rates of spreading than according to '^gge'** 
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Flg.l. rosiaonal inn of L and v; variation wltli depth. 
Flg.2. Dlotrltutlan of sr -90 conoentratioa with depth 

at changing depth cf themoollno ( curv* -I ) and 
at r®5nc*^ont depth of thermoolina ( eux*va -2 ) 
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